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Lasing  Cnaracter 1 sr i cs  of  High  Quality  Nd:YAG 
Crystals  Grown  by  Temperature  Gradient  Technique, 

Zhang  Meiznen,  Li  Cnengfu,  Zhou  Yongzong 

Shanghai  Institute  of  Optical  and  Fine  Mechanics 
Chinese  Academy  of  Sciences 

ABSTRACT 

^■^~3A  no:YAG  crystal  of  05x50  mm  In  size  was  grown  by  a 
temperature  gradient  technique.  It  has  good  optical 
homogeneity  (interference  fringe  number  Is  zero)  and  an 
efficiency  of  1  7.  at  1  or  2  pps.  It  Is  easy  to  be  operated  In 
TEMq^  mode.  ^ 

1.  INTRODUCTION 

until  now  Nd:YAG  crystal  Is  still  the  laser  material 
with  the  best  quality  and  is  most  widely  used  in  the  field 
of  laser  applications.  Until  now  the  production  method  Is 
mainly  the  upward  guiding  method.  But  this  method  has 
certain  limitation  for  obtaining  large  diameter  crystal 
material  with  good  optical  uniformity  In  a  large  area. 
Therefore  a  new  process i ng  method  must  be  sought.  It  was  known 
that  the  united  States  recently  had  grown  good  optical 
quality  crystals  with  a  size  of  o 100x1 00  mm  by  heat  exchange  ( 


1 . e. temperature  graaient)  metPoa.  Witn  this  new  metnod,  our 
country  nas  ootalneo  050x62  mm  Nd:YAG  crystal  witn  0.9- 1.3  X 
Nd  doping  concentration.  Sucn  crystal  nas  good  optical 
uni'formity,  less  scattering  centers,  low  dislocations.  In 
order  to  study  tne  lasing  cnaracter i st i cs  of  crystal 
prepared  Dy  sucn  metnod,  we  processed  tne  crystal  into  a  05x50 
rod  (interference  fringe  is  zero,  see  Fig.  1.)  and  made 
systematic  measurements  of  its  lasing  cnaracter i st i cs  witn 
repeating  frequency  laser  devices.  Tne  experimental  results 
snow  tne  average  efficiency  is  close  to  1  X  and  tne  maximum 
power  output  can  reacn  3.0  million  watts  (pulse  widtn  is  10 
ns).  Because  tne  optica)  uniformity  of  tne  sample  rod  is 
very  good,  it  is  easy  to  ootafna  stable  output  of  single 
transverse  mode. 


Fig.  1.  Tne  Tyman-Green  interference  pattern  of  tne  crystal 
rod  (Py  courtesy  of  Gu  Yaznen) 
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2.  experimental  method  AND  RESULTS 


The  experimental  arrangement  is  shown  in  Fig.  2.  The 
laser  aeviceis  a  Plano-concave  type  stable  cavity.  The  rear 
reflection  cavity  plate  is  a  1.06  jjm  total  reflection 
concave  lens  with  R  =  3  m.  The  front  cavity  plate  is  a  1.06 
^m  flat  plate  with  a  40  7.  transparency.  The  cavity  length 
is  480  mm.  A  LiF  crystal  irradiated  by  a  Co^^  radiation 
source  is  used  as  Q  adjustment  switch.  With  single  lamp 
pumping,  the  repeating  rates  of  the  device  are  0.5,  1,  2, 
and  5  sec”*.  The  diameter  of  grating  used  for  mode  selection 
is  00.81  mm.  The  pulse  widtnof  the  laserafter  the  Q  adjustment 
is  10  ns . 


Fig.  2.  The  arrangement  of  the  laser  device 


(1)  The  distribution  of  the  laser  beam  spot 
(a)  Static  status  (without  Q  adjustment):  The  patterns 
near  the  field  and  1  meter  from  tne  cavity  plate  were 


ODtafnea  by  using  photographic  black  paper.  ,  The  resuit 
shows  the  ffeia  of  the  output  laser  beam  Is  quite  uniform. 

(b)  Field  distribution  of  single  transverse  mode  output 
(with  Q  adjustment):  The  single  transverse  mode  was  selected 
by  use  of  a  ^0.81  mm  small  hole.  Near  the  threshold  (input 
energy  was  0.37  Joule),  we  found  a  stable  output  can 

be  easily  obtained  by  such  crystal  rod.  The  field 
distribution  of  8  meters  from  the  cavity  plate  was 
photographed  (Fig.  3a.).  Fig.  3b.  shows  the  result  by  the 
scanning  of  a  blackness  meter.  In  Fig.  3b,  the  solid  line  is 
the  experimentally  measured  result,  and  the  dashed  line  is 
the  calculated  curve  of  Gaussian  distribution  function 

From  this  figure  we  can  know  that  the 
experimental  results  fit  very  well  with  the  theoretical 
values  and  this  is  a  proof  of  the  single  transverse  mode. 


Fig.  3.  Tne  field  distribution  of  the  laser  single  traverse 


experimental  results;  2 


theoretical  results; 


,jsm«  ■_^;i  ■UT^y  ■  ^ 


F.-^  1^" 


(2)  Energy  output 

(a)  Static  output  efficiency  (without  Q  adjustment,  the 
pulse  width  was  100  ns);  Tne  experimental  results  are  listed 
in  taDle  1.  From  table  1,  we  know  that  the  average 
efficiency  can  reach  about  1  %. 

(b)  Dynamic  power  output;  The  laser  power  output  was 
measured  during  the  Q  adjustment  (the  pulse  width  of  device 
was  10  ns).  The  experimental  result  is  listed  in  table  2- 
The  exoeri mental  result  shows  that  under  our  device 
conditions,  the  output  power  can  reach  above  3  million 
watts . 


Table  1.  Static  efficiency 
(input  capacitance  is  100  uf) 


1  St; 

VX/f.  . 

(fit) 

r»-  -.nt 

£...(«  3) 

19.2 

0.137 

0.7 

•>«>  o 

0.21? 

1.0 

0.5 

9tio 

27.6 

0.27? 

1.0 

lOi'O 

30.0 

0.319 

1.0 

1160 

40.2 

0.415 

1.0 

1.0 

1160 

40.2 

0.449 

1.1 

2.0 

11~' 

40.2 

0.51 

1.1 

1-repeating  rate  (sec  *);  2-charging  voltage  (volt);  3-input 
energy  (joule);  4-energy  output  (Joule);  S-efficiency  (7.). 
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Table  2.  Dynamic  laser  power  ('t=10  ris) 


H - 

m 

— 

0.5 

27.6 

29.0 

2.9 

1000 

30.0 

29.1 

3.9 

IloO 

40.0 

30.2 

3.0 

1.0 

1160 

40.0 

■1  I—  1 

32.4 

3.24 

I -repeating  rate  (sec  2-cnarging  voltage;  3- input  energy 
(Joule);  4-energy  output  (Joule);  5-power  output  (mi  I  I  in 
watts ) . 


(c)  Tne  laser  energy  of  tne  single  transverse  moae:  the 
output  energy  in  mode  (witn  Q  adjustment)  is  2.8 

miii-Jouies  wnen  tne  energy  input  is  37  Joules. 
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Ant  i  ref  I  ect  i  ve  Coating  with  Hign  Efficiency  at  1.06  jjm 

Fan  Relying,  lu  Yuemei 

Snangnai  Institute  of  Optics  and  Fine  Mechanics, 
Chinese  Academy  of  Science 

ABSTRACT 

^  The  error  of  the  two- layer  ant i ref ) ect i ve  coating  is 

analysed.  It  is  shown  that  optical  properties  of  the  film 

composed  of  non-quarter  wavelength  stacK  i^s  more  stable  than 

those  of  the  film  composed  of  quarter  wavelength  stack.  The 

n 

two-layer  ant  1  ref  I ect 1 ve  film  has  been  made  on  substrate 

n  ■ 

and  '•’92^5  Si02  used  as  coating  material.  Its 

reflectivity  at  one  surface  is  lower  than  0.037,  and  laser 
induced  damage  threshold  is  over  7  GW/  em  (at  1.06  and  1 
ns )  .  ^ 


1.  INTRODUCTION 

In  laser  systems,  the  aperture  expansion  telescope  in 
laser  mu  1 1 i -amp i i f i cat  ion  system  and  all  other  lenses 
reauire  ant i ref  I ect i ve  film  coating,  low  reflection,  on  the 
one  hand,  enables  the  great  increase  of  laser  output,  and  on 


the  other  nano,  prevents  the  damage  of  optical  elements  bv 


the  reflected  light  from  the  lens  surfaces. 

Limiteo  Dy  the  film  material  itself,  the  ant i ref i ect i on 
effect  of  a  single  layer  film  coulo  not  be  very  high,  ahd  it 
can  not  meet  the  requirement  of  high  power  laser  systems. 
Therefore  double-  or  multi-layer  ant i ref  1 ect i on  systems  have 
to  be  used.  Because  only  single  wavelength  ant i ref  1 ect i on  is 
required  and  also  because  of  simplicity  and  the 
possibility  of  processing  are  considered,  a  double-layer 
ant i ref  I ect ion  system  was  chosen.  In  order  to  obtain  a  good 
processing  reproducibility,  we  have  made  error  analysis  on 
Quarter  and  non-quarter  double-layer  wavelength  films, and 
the  ncn-quarter  double-layer  system,  which  has  a  wider  allowed 
error  of  optical  thickness,  was  chosen  as  a  better 
ant i ref  I ect i ve  system.  We  also  made  experimental  studies  on 
the  coating  materials,  found  the  processing  conditions  for 
obtaining  high  efficiency  ant i ref  I ect i on ,  and  therefore  the 
product  reproducibi lity  can  be  guaranteed. 

2.  Tm£  selection  of  FILM  SYSTEM  AND  ERROR  ANALYSIS 

When  light  incidents  on  a  transparent  substrate  with 
double- layer  film  coating  (as  shown  in  Fig.  1.),  the 
reflection  R  is  decided  by  the  following  formulas: 


Here 
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ana  0  ana  yare  tne  pnase  aifferences, 


Wr»en  the  ref ract  1  vit  1  es  of  coating  materials  are 

aeterminea,  zero  reflection  of  tne  film  system  can  be 

Obtained  by  aojusting  the  tnicknesses  of  the  two  film 

layers,  that  Is:  aojusting  ^  ana  Generally,  In  the 

coating  processing,  a  high  reflection  material  with 

refract  I vity  is  applieo  to  the  inner  layer  which  is  close 

to  the  substrate  until  a  reflectivity  R  is  obtained  and  the 

m 

phase  thickness  is  then  a  low  ref ract i vity  material  (n^) 

is  applied  for  tne  second  layer  coating  until  a  maximum 

value  is  obtained.  Then  the  coating  is  continued  until  the 

second  maximum  value  is  obtained.  At  this  stage  the  phase 

thickness  of  tne  low  refractivity  layer  is  0.  Because  the 

film  at  the  stage  of  the  first  maximum  value  consists  of  two 

materials,  the  refractivity  of  this  layer  is  equal  to  an 

effective  refractivity  n  (as  shown  in  Fig.  2).  For 

© 

simplicity  we  define  this  layer  as  effective  layer. 


Fig.  2.  quarter  ana  non-quarter  wavelength  double- layer  films 


According  to  the  calculation  formulas  we  can  oDtain: 

wnen  n,  =  l,  n^^l.SOe,  n.  sl.45  and  n^.=2.04,  zero  reflection  at 

tne  center  wavelength  can  be  obtained  if  R^=10.7  7,  and  at 

tnis  time  n  =  1.782.  The  same  result  can  also  be  obtained  by  the  use 
e 

of  non-quarter  film  with  n^^sl.AS  and  n^=ng=1.782.  Following 
Is  a  comparative  erroT — analysis  of  these  two  film  systems! 

First  consider  tne  situation  wnen  tne  ref ract i vi t i es  of 
tne  coating  materials  deviate  from  tne  matching  values  in 
tnese  two  film  systems.  When  they  nave  same  relative  errors, 
their  influences  on  tne  total  reflection  spectra  are  shown 
i n  tab  I e  1  and  2 . 

Table  1.  Tne  error  of  n^  is  +7.85  %  and  n^***^^  kept 
uncnanged 


tt  >,  ^5  V 

1%  \  X  4  5517  T 

• 

1  gm‘r  1  K  ^ 

I  l.f  1.7S.C  U  1 

1 ,  ■ 

2.2- 

'  I.U  1.922  0.5T>-  j 

J  ■  ' 

1 

l.f'  l.f-42  0.6r.'.  I 

1 

1 -non-ouarter  waveiengtn  double— layer  film;  2-quarter 
waveiengtn  double- layer  film 


Taoie  2.  The  error  of  a  ,  fs  -f  6.9  t  and  n_=2.04  ana  n  =1.762 

L  ••  n  © 

are  kept  unchanged 


>-.4B,g«i‘  <2_ 

1  ^  k:?  1 

"t 

i  .  s  • 

1.45  0  1  1.0 

1  .-io 

0  1  l.J 

1.55  o.;-<rr  j  1.01 

1.55 

o.tir:  1  l.J 

1.35  U.35',  I  0.9SS 

1.35 

0.51U  ]  1.0 

1 -non-quarter  wavelength  double-layer  film;  2-quarter 

wavelength  double-layer  film;  3-hote: 

relative  wave  number  when  the  reflection  is  minimum. 

from  table  t  ana  2  we  can  know:  when  the  ref ract f vi t f es 
of  the  film  materials  deviate  from  the  matching  values, 
their  influences  to  the  minimum  values  of  the  defl activity 
in  non-quarter  wavelength  double- layer  film  is  less  than  in 
the  quarter  wavelength  double- layer  film,  and  this  is 
especially  obvious  by  the  error  of  the  high  refract fvity 
material s . 

Furthermore,  if  we  analyze  the  influence  of  the 
control  led  errors  of  these  two  film  systems  on  the  total 
optical  spectral  characteristics  of  the  reflection  (when 
the  ref ract i vi t i es  are  kept  unchanged,  it  will  reflect  the 
errors  of  the  layer  thickness),  we  found  that  the  influence 
of  the  layer  thickness  is  negligible  comparing  with  the 


fnfluences  by  tbe  errors  of  tr>e  ref )  ect  1  v  1 1 1  es . 

The  total  errors  are  mafnly  fntroOuceo  by  the  ref ract I vi t f es 
of  the  coatfng  materfals  (table  3  lists  the  situation,  for 
non-quarter  wavelength,  when  the  inner  and  outer  layers  have 
the  same  controlled  error),  for  the  non-quarter  double- layer 
film.  Therefore  it  Is  determined  thatthe  non-quarter  wave  I  ength 
double- layer  film  system  is  more  stable  than  the  quarter 
wavelength  double-layer  film  system.  Furthermore  it  Is  also 
less  Influenced  by  the  refract! vl ties  of  film  materials. 

Thus  we  chose  it  as  our  experimental  film  system.  The 
specific  system  is  as  follows:  A(c3<>jL,  are  the 

relative  thicKnesses  to  A/4,  >  1 ) ,  the  relative  phase 

thicknesses  of  the  two  layers  are:  =  \  (radian)  and 

<S|_|=0.6059  (radian),  for  0^=1. 0,  ng=1.506,  n|^sl.45,  and 
n^=2.04.  Tneir  optical  spectrum  curves  are  shown  In  Fig.  3 
and  R  ,_=0  at  the  center  wavelength. 


TaDte.  3.  The  influence  of  tne  controMea  errors  of 

ref ract i vi t i es  of  tne  non-quarter  oouDle- layer  film  system 
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/j;? '  ’ 

1 

!  y-lS-  * 

:  .  S  I  1 

9 

1  9mm 

1 

O.OOOOla- 

1.0 

i  1  1 

1 

:.x-5<r- 

1 

0.975 

1 

0,00007^- 

1 

1.0 

1  1 

1 

[->-0085?- 

1 

0.»<5 

1 

So 

j.OOOC9‘’r 

1.0 

1 

55 

j-iiiTc 

0.940 

1-inner  film  layer?  2-outer  film  layer 

Accoroing  to  taoie  1-3,  we  can  know  that  for  the  non- 
ouarter  wavelength  douDle  layer  system  either  tne  error  of 
refractivity  or  the  error  of  tne  layer  thickness  has  a  larger 
Influence  on  tne  outer  layer  than  on  the  inner  layer. 
Therefore  it  Is  important  to  control  rigorously  the 
processing  of  the  outer  layer  of  the  non-quarter  douDle- layer 
f I im  system. 


3.  PROCESSING 

(  1 )  A  study  of  film  mater i a i s 

(a)  Characteristics  of  film  material 


We  used  99. 9S  %  purity  white  Ta-O^  powder  to  prepare 


tDiocKs  Dy  pressure.  Such  blocks  were  put  into  an  oven  at  900 


for  8  hours.  Theh  the  refract ivfty  aho  oispersioh  were 
stuoied  by  the  E-type  gun  evaporation  technique.  Table  4-7 
lists  the  Changes  of  refract ivity  and  dispersion  with  the 
Changes  of  the  processing  parameters. 


Table  4.  The  changes  of  n  as  a  function  of  substrate 
temperature 


!(‘C) 

250 

2S0 

330 

1  2.067 

2.077 

2. '083 

I 

Tne  data  in  table  4  were  obtained  under  an  oxygen 
**’4 

pressure  2x10  torr  and  the  deposition  velocity  was  7-8 
!  A/sec. 

Table  5.  The  changes  of  n  as  a  function  of  oxygen  pressure 


P<fz)  • 

2xl0-« 

2x10-* 

4x10-* 

2.071 

2.058 

2.048 

l-torr . 


The  data  in  taDle  5  were  obtained  when  the  substrate 


temperature  was  280  C,  deposition  rate  was  7-8  A/sec,  and 

—4 

the  initial  pressure  was  IxlO  torr. 


Table  6  The  changes  of  n  as  a  function  of  the  deposition 
rate 


1 -sec . 


The  data  in  table  6  were  obtained  when  the  substrate 

O  —4 

temperature  was  280  C  and  the  pressure  was  3x10  torr. 

The  above  data  are  the  average  values  of  several 

experiments.  n  values  are  related  to  /V=6328  X  and  were 

Obtained  by  a  TP-77  elliptical  po lar 1 i zat i on  thickness  meter 


Table  7.  The  dispersion  of  the  ref ract i v i t i es  of  Ta^O^ 


|1.05'o.94  0.S2 jo.75 lO.’jS  O.S. 


.u3;2.l'532.05a2.  :.U 


1  -^m. 


lb 


The  aata  of  taoie  7  were  obtained  under  the  same 
substrate  temperature  (300  °C),  same  oxygen  pressure 
(1.6xio”^)  and  the  same  deposition  rate  (8  A/sec). 

According  to  the  above  experimental  results,  we  know 
that  the  changes  of  refract fvfty  of  Ta^O^  material  is  not 
large  within  certain  ranges  of  temperature,  oxygen  pressure, 
and  film  deposition  rate. 

The  results  of  tne  scattering  coefficient,  around  6500 
A,  of  single- layer  Ta^O^  on  the  substrate  snow  that  the 
scattering  loss  Is  equal  to  Zr02t  but  the  absorbing  loss  is 
very  sma i l . 

Tnrougn  tne  experiment,  it  was  found  that  under  the 
same  deposition  conditions,  tne  absorption  coefficient  of 
tne  film  using  fresh  Ta^O^  is  different  from  the  films  using 
Ta^O^  material  wnicn  has  been  used  for  several  times.  The 
absorption  coefficientof the  latter! s  obviously  larger.  The 
cause  for  this  is  mainly  because  the  decomposition  of  Ta^O^ 
In  tne  deposition  process,  the  outgoing  ratio  of  oxygen  gas 
and  Ta  molecules  is  different  and  thus  the  content  of 
tne  remaining  Ta20g  undergoes  some  cnanges .  Therefore  after 
each  deposition,  some  fresh  material  should  be  added  or  tne 
oxygen  gas  amount  should  be  Increased  to  make  compensation. 

(b)  Characteristics  of  5102  film  material 

Many  experimental  works  nave  already  proved  that  the 
reproducibility  of  refractivity  of  5102  is  better  in  an  air 
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environment.  But  Is  ft  still  true  In  tne  vacuum  environment? 
Tnerefore  systematic  experiments  were  carried  out.  The 
quarter  douOle- layer  films  prepared  under  different 

C 

processing  parameters  (A=6328  A)  were  studied  and  tne 
cnanges  before  ana  after  heat  treatment  (the  baking 
temperature  was  280  °C),  under  air  and  vacuum  environments 
were  studied.  Tne  obtained  data  are  listed  in  table  8-10. 

Table  8.  The  relation  between  n  and  vacuum  degree 


3yl0-‘ 

1  2  y 10-* 

6~4xl0-» 

m 

3.3SS< 

'  1 .372 

1.40 

1 -pressure  ( torr ) . 

Tne  data  in  table  8  were  obtained  when  tne  substrate  was 
not  heated,  and  tne  deposition  rate  was  45  k/sec. 

Table  9.  Tne  relation  of  n  and  the  substrate  temperature 


i'C'-, 


w  *  ^  r,  ^ 

2.?'C  CT5‘C 

! 

1  «5  2xlu-*ft 

1  1  C  ”0 

1  1  V.. 

:.3?Q 

1.403 

* 

A': 

1.433 

3 .435  1 

1.4t.2 

I 

1 .44«' 

1.44t< 

1.  atmosphere  environment;  2-room  temperature;  3-vacuum  (2x10 
torr);  4-atmospnere ;  5-oefore  baking;  6-after  baking. 
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Tne  data  In  tadie  9  were  obtained  with  samples  prepared 

—4 

under  a  vacuum  of  2x10  torr  and  a  deposition  rate  of  about 
45  A/sec. 

Table  10.  The  relation  between  n  and  deposition  rate  v 


JT  «  ^  R  ^ 

vdm'i 

u 

45 

72 

1  * 

1.355 

1.3T2 

1.392 

±  '< 

1.445 

1.453 

1.457 

1.44] 

1.44T 

1 

1.447 

1 

I -atmospnere  environment;  2-sec;  3-vacuum  (10~^  torr);  4- 
atmospnere;  5-oefore  baKing;  6-after  baking. 

Tne  data  in  table  10  were  obtained  with  the  samples 

prepared  with  tne  substrate  unneated  and  In  a  vacuum  of  2x10 

4  ^ 

torr . 

From  table  8-10  we  can  know  tnat:  (1)  tne  refract ivity 
of  SiO^  increases  witn  the  increase  of  substrate 
temperature,  vacuum  degree,  and  deposition  rate;  (2)  the 
dependence  of  cnange  of  refract Ivity  of  SiO^  on  tne 
deposition  conditions  is  more  sensitive  in  a  vacuum  tnan  in 


atmospnere;  (3)  tnere  is  a  reversible  process  of  the 


ref race  i V i ty  of  SiO^  from  vacuum  to  atmosphere  ana  then 
oeing  oaked.  That  is:  the  reftectivity  is  lower  in  a  vacuum, 
ana  it  wi ) i  increase  if  oeing  put  in  the  atmosphere,  and  it 
wilt  decrease  slightly  again  after  oeing  baked. 

(2)  Some  important  points  for  the  film  preparation 

There  was  no  special  processing  technique  used  in  our 
ant i ref  I ect i on  coating.  In  order  to  obtain  a  good  product 
reproducibility,  attention  should  be  paid  to  the  control  of 
processing  conditions,  such  as  the  substrate  temperature, 
oxygen  pressure,  deposition  rate,  etc.  (it  is  especially 
important  for  SiO^  films  in  a  vacuum,  because  its  refract ivity 
in  a  vacuum  is  quite  sensitive  and  its  change  has  a  larger 
influence  to  the  ant i ref  1 ect ion  films).  Only  in  this  way  a 
stable  refract ivity  can  be  obtained.  At  the  same  time, 
attention  should  be  paid  to  the  difference  of  the 
ref ract i vi t i es  of  film  materials  in  a  vacuum  and  atmosphere. 

Only  when  the  vacuum^'  g  less  than  the  calculated  6^ 

n  n 

value)  is  Obtained,  can  the  ant  1  ref  1 ect i oh  film  which  has 
the  reauired  optical  spectra  characteristics  be 
prepared. 

4.  experimental  results 

(1)  The  optical  characteristics 

The  experimental  results  of  the  prepared  samples  with 


with  the  scanning  of  a  UV-360  spectrometer  are  listed  in 
taPle  11  and  Fig.  3.  The  results  show  the  single  surface 
reflectivity  of  the  suDstrate ;  R  is  less  than  0.03  7. 
around  the  wavelength  of  1.06  ;um. 
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Fig.  3.  A  comparison  of  the  experimental  results  and 
theoretical  calculation 

1 -wave  I ength ;  2-caotion;  3-measureo  curve;  4-theoret i ca 1 
curve. 

The  scattering  coefficient  measured  with  a  scattering 

-4 

apparatus  is  1-1.5x10  for/\,=0.65  ^m  and  it  is  a  little 

lower  than  the  scatterina  Dy  the  Ta»0-  film. 

CO 

(2)  The  damage  threshold  py  laser 

the  damage  threshold  of  this  ant i ref  I ect ion  film  is 

2 

aoout  7-8  Di  I  lion  watts/cm  measured  with  a  1.06  ^im  laser 


beam  of  1  ns  pulse  width.  This  can  meet  the  requirement  by 


